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"he dawn of the missile and space era gave bir th  
to System Engineering, and the evolution of human 
caqxter system has spawned a n w  concept called 
U s e r  Jhgineering. 
Because users are diverse, and their  requirements 
are always subjective, and i n i t i a l ly  vague, 
unknown o r  incmpletely defined, existing 
roethodologies are insufficient to identify user 
issues which then cause major disruptions through- 
out the requiremnts, design and d e v e l o m t  of 
the system. Human thinking and decision making 
in critical e n v i r o m t s  such as  space stations 
or  space defense arrmand and control centers 
demand new engineering approaches to tackle user 
omplexity and reduce system devel-t r i sk .  
U s e r  Engineering is a new System Engineering 
perspct ive responsible for defining and 
maintaining the user 's  view of the system. 
elements are a process to guide the project and 
mstcmer, a mlt idiscipl inary team including hard 
and sof t  sciences, rapid prototyping tools to 
build user interfaces quickly and n?odify them 
frequently a t  lm cost, and a prototyping center 
for inMlving users and designers in an i terat ive 
Way. The m a h  consideration is reducing the r i sk  
that  the end user w i l l  not o r  can not effectively 
use the system. 
It's 
The process begins with user analysis to prcduce 
cognitive and work s tyle  d e l s ,  and t ask  analysis 
to prcduce user work functions and scenarios. 
These becaw major drivers of the human corputer 
interface Ciesign wh ich  is presented and reviewed 
as an interactive prototype by users. Feedback 
is rapid and productive, and user  effectiveness 
can be roeasured and observed before the system 
is bui l t  and fielded. Requirements are derived 
via the prototype and baselined early to serve 
as an input to the architecture and software 
design. 
lNTEODLCl?IoN 
This paper detai ls  a methodology that has been 
used successfully to engineer -lex human 
cmputer systans. 
relating to haw the cpvernmnt ard corporations 
It is a "process" technolqy, 
can go about conceptualizing, defining, and 
building system. The mtivation for this new 
process is described i n  terms of problems with 
existing approaches and the pressing need for a 
dramatic change in the nature and goal for  these 
sys- 
The new prccessr called "User Engineering", is 
defined anu reb.+&. t o  the other perspectives of 
system engineering. 
terms of four primary elements: 
tools, team, and laboratory. 
where this technology has successfully been 
applied and the benefits are sunmrized. 
PR%LFPl 
User interactive systems d i f fe r  markedly from 
system the governrent and aerospace canpanies 
have bui l t  i n  the past. 
driven by critical simulation and/or data 
processing requirements, but required limited 
human interaction. 
the primary consideration is providing kncwledge 
integration and fas t  problem solving, using 
pawerful workstations amnected to information 
sources supported by decision aids (Shneiderman, 
1987). 
Fkquiren-ents for these systems are i n i t i a l ly  a t  
best subjective and are often vague, unknown, and 
incarpletely defined. 
they want un t i l  they see it, and frequentzy can 
neither describe how they do their work 
(FGism~sen, 19861, o r  ccnmunicate it to even the 
rrost able interviewers. Additionally, these 
requireroents do not met physical laws and can 
not be proven on paper in advance. 
C l a s s i c a l  approaches used successfully i n  the 
past on systems l ike  the ICBM program o r  site 
defense, depend on functional partitioning an6 
depend crucially on the s t d y  of interfaces. 
For human ocmputer systems, these f a i l  because 
of the need for synbiotic interactior. between a 
primary subsystem, the h m ,  and the computer. 
(Kinmgrad and Flores, 1986) 
The tenn "human ccknputer interactive" that is naw 
widely used to d e s c r i b  these systems, masks the 
incredible mmplexity and diff icul t ies  associated 
it is cilescrikd in  
mthdology, 
E?camples of system 
Those systems were 
With user interactive systems, 
U s e r s  do not know what 
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w i t h  trying to &ine the pmers of the h m  
brain and anputers. 
aerospace industry begm to unawer the reasons 
why effor ts  to build such system have hail so m y  
Only recently has the 
problems. 
Analysis of costs for these systems reveals that 
for every dollar spent i n  develcpent, 
approxixitely two and one half dollars are spent 
in operations and maintenance. 
develcpwnt costs, thi r ty  percent (30%) is break- 
age within the waterfall. 
these costs are pr-ily traceable to failure 
to have mnplete, clear and consistent user/system 
requirmts. F t n - e  star t l ing,  of the software 
maintenance costs, forty percent (40%) is user 
enhanmnts .  In other words, these costs are 
associated with making the system do what users 
suddenly discover they really needec? in the f i r s t  
instance. In the burst case, over one third of 
the l i f e  cycle costs for these systems could be 
msidered  wasted i f  better requirements could. 
be established early (Boehm, 1981). 
CxXTA 
The challenge for each project then beomes lxm 
to understand and provide custmizec!  support for 
diverse users, to translate this knowledge into 
user/system requirements that  achieve the best 
interface for their dialog with the system, and 
to produce the best technical design solution 
to accomplish needed system suppr t .  
system engineering goals, thus are to validate 
these requirements w i t h  users early enough to 
affect  system design, and to architect systems to 
met user needs, not force f i t  users to system 
architectures. 
APPRQACH 
Of the software 
It is now known that 
The ultimate 
Traditionally, system engineering is understood 
to have four perspectives (Figure 1.). filission 
engineering produces the operational concept for 
the system and concentrates on "who, what, why, 
where and how. " 
requirements in terms of "the system shall . .  . !' 
statemnts for contractual and testing purposes. 
Design engineering produces the physical view 
of the system, its architecture and functional 
partitioning, ard simulations of performance. 
Implerrentation engineering makes decisions about 
order of build, languages, test beds, and testing. 
To strengthen the hurnan analysis, a new 
perspective, we mined ' : U s e r  Engineering", is 
added to qlmt the others. 
for defining, validating, and maintaining the 
user view of the system. U s e r  Engineering is 
supported by rapid prototyping to identify and 
resolve issues early, and identify requirmts 
and drivers for  the architecture design. 
p ryess  is r i s k  driven, as opposed to doamra t  
driven, and thus in i t i a l ly  avoids paper 
specifications whi& are costly to produce, read, 
and understand, and which often m u n t  to Lit t le  
mre than speculation about the u t i l i t y  and 
usability of the f ina l  system. 
Requirements engineering defines 
I t  is responsible 
The 
1 
The U s e r  Engineerjng process muprises seven 
steps that  provide a framework (Figure 2.)  to 
guide the engineering tradeoffs which lead to a 
and software requiremnts. 
important phases produce analyses of the user, 
the tasks the system w i l l  supprt, and how the 
users w i l l  interface w i t h  the system t o  perfom 
work. For'purposes of description, the phasss 
are top clawn and hierarchical, but in practice 
are i terat ive,  recursive, and flexible as needed. 
Each of the phases has a specific goal and 
product, and produces prototypes fran the 
project's inception onward. The prototypes 
provide focus for continual interaction with 
users for exercising working models of the 
system which look and feel  l ike the proposed 
system. 
Specifically, the process begins with the 
definition of an operational concept, and the 
gathering of user and system data about how the 
current system ( i f  it exists) works and could 
be irf@roved. 
of interviews, observations, and Oognitive, 
workstyle and personality masures. 
analysis is  then done f m  the user pint of 
view, to complement the partitioning of internal 
system functions. 
the preparation of scenarios w i t h  users to  
ref lect  m e  canpletely how their  wd. is done. 
Candidate user interfaces are defined and the 
scenarios are prototyped to involve users hands- 
on 
can be included i n  the prototype and can operate 
an real  o r  simulated data. U s e r  and 2esigner 
t imdy feedback identifies issues and prwic?es 
the information to do effective tradeoffs and 
make clear decisions. 
As the prototype matures, it begins t o  re f lec t  
the f inal  system a t  the level of detailed design. 
It looks, feels,  and behaves l ike the real  system, 
including simulating response t h s  exactly. 
remains as a tool throughout the developwnt to 
interpret  the systan, and respond t o  the 
inevitably changing user requiremnts. Addi- 
tionally, it provides a mechanism for measuring 
the wformance of the user on the system in  
advance, and for beginning the development of 
training concepts. The user interface is base- 
lined with attendant requiranents docmentation 
a t  a User Design Review, a new review proposed 
to occur a t  o r  before the System Design Review. 
TOOLS 
Key to successful U s e r  Engineering is the ability 
to build prototypes rapidly and be able to chanqe 
them frequmtly a t  la? cost. 
support a lengthy expensive prccess no m=tter 
what reduction in  r i s k  is pranised. Frototyping 
tools must fac i l i t a te  rapid construction ( in i t i a l  
prototypes within 1 4  to 30 days), have real time 
interaction, be transportable to the user, and 
provide for user performance m i t o r i n g .  
Wferred to as "user lnterface management 
~;.lsta&"' these -1s pramte rapid screen generation 
baselined prototvpe arod subsequent set of system 
The central  and mst 
A user mdel is fonred f m  results 
Then task  
Key to the t ask  analysis is  
Software algorithms for critical functions 
It 
N o  custaner w i ? l  
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and provide mechanism to sequence the screens 
and couple t h e m  to special or library applications 
prwams. 
Additionally, the tools should. ( F i q r e  3.) allow 
U s e r  Engineers to select fran any n m  of 
terminals, input/cxltput devices, different user 
dialogues, and interchange these as  required. 
Appropriate application programs and their 
associated data bases (e.g. m p  generation and 
display, o r  image processing) inherent to user 
interactive systems are included to fac i l i t a te  
effective rodeling of systems. 
TEAM 
No single individual has the breadth of both 
"hard" and "soft" science expertise needed to 
analyze and design these ccmplex human canputer 
systems. Furthmre,  a highly experiential 
process such as th is  requires a team approach 
(Figure 4 . ) .  
is essential  t o  effective uti l ization of both 
individual and team resources. Depending on the 
problem a t  hand, disciplines including organiza- 
t ional d e v e l o m t ,  sociology, psychology, 
macroergonanics, human factors, m machine 
interface design, prototyping, anc? general system 
engineering must be represented. In addition, 
it is mandatory that the c u s m s '  end users 
and experts in the subject of the system be 
participants. 
L?EmAmm 
It is also clear that m p u t e r  centers, w i t h  
noisy equipllent and harsh Lighting, are inappro- 
priate settings for developing and gathering 
feedback about user interaction on the prototype. 
A laboratory, referred to as the "System 
Prototyping Center", wt be established as a 
special environment (Figure 5.) keyed to the 
users exprimcing of the proposed s-stem. 
has individual work areas into which proposed 
mrkstations or  consoles are brought in and which 
are decorated to res-le the mrk  place. 
wrkstations house or are connected to prototyping 
and masuremnt tools. 
contains mnitors ,  large screen projectors, video 
m r a s  and recorders, and storyboards for 
capturing and sharing ideas. 
Training in group process techniques 
It 
The 
Another area i n  the center 
AF'PLICATICPJS OF USER E N G I " G  
This technology is  being successfully applied 
both in  research t r i a l s  and on contract a t  Tfw 
for government custaners (Figure 6 . ) .  These are 
a l l  user based systems tending tmard the mst 
ccmplex end of the spectrum of cognition, tasks ,  
and MMI. 
Ongoing analysis of these applications of U s e r  
Engineering clearly iradicates that the r i sks  are 
dramatically reduced for  requirmts and design, 
and that users are mre sat isf ied throughout the 
ckvelopnent and deplaynwt of the system. 
less paper is prepared at the outset, as the 
prototype ccmnunicates the system concept quickly 
and effectively. 
meaningful, and issues are surfaced before the 
Much 
User feedback is rapid, and 
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system is bui l t  and fielded. 
Designers better understand what kind of archi- 
tectures they should use, and the resulting 
systems are easier to extend and mintain.  
prduct ivi ty  can be measured i n  advance, and 
training concepts can be explored on the proto- 
type prior to system delivery. This approach 
can nicely c c p n p l ~ t  mre formal developmt 
processes which follow the U s e r  Design Review and 
are based on the specification derived frcm the 
prototype. 
CCKWSION 
U s e r  
In sunnnry, the Iiser Engineering technology is 
the basis for a new way of developing heavily 
user interactive systems. 
Engineering, it focuses on the h m  stirnilus 
response arid the redefinition of the workplace. 
Prototyping is the key tool for rapid conceptu- 
alizing and ccmnmicating across customrs, 
developers and users. This kind of experimenting 
provides the best approach t o  defining/validating 
requirements and getting hands on experience w i t h  
the system before carmitting to large costly 
developwnts . 
The incorporation of th i s  technology into current 
practice is straightforward but requires 
modification of traciitionalmodalities. Of 
utToost importance is obtaining active partici- 
pation of end users, sawthing not always deemed 
desirable by custaners Additionally, new 
prmurement procedures are needed t o  insure these 
act ivi t ies  are conducted early. 
m t a t i o n  deliverables i n  contracts must i n i t i a l ly  
yield to delivery of prototypes, and the analysis 
surrounding their developLent and t r i a l  use. 
These kin$!? of risk reauction tecllnkues w i l l  in 
the l a c .  run not only bprove user and system 
effectiveness, but w i l l  1-r developllent costs 
as w11. 
Set within System 
Formal docu- 
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Figure 1. User mgineering Integrated Within System plgineerirsg 
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Figure 2 .  User Eng-ing I~lethodology 
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OE POOR QUALITY 
S O F T W A R E  P R O T O T Y P I N G  T O O L S  
USER INTERFACE 
MANAGEMENT 
SYSTEMS 
IN TERDISC IP  L IN A R Y  U S  E R E N  GIN EERIN G T E  AN 
SKILLS: TYPES: 
User Architect (leader) I 
System Users 
Experts (sgs specific) 
System Engineering 
User Engineering 
- User/Task Analysis I - Prototyping 
MMI Design 
Psycho logy 
Human Factors 
S o cio lo  gy 
Training 
Organizational Devel. 
Creative 
Intuitive 
Emergent 
Extroverted 
Sensitive t o  People 
Detailed 
Systematic 
Schedule Driven 
Introverted 
Sensitive t o  Technologj 
Highly Motivated 
To le r a t e A m b igu it y 
Small in Number 
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USER E N G I N E E R I N G  E X P E R I E N C E S  
Name Function Customer 
OBU 
SAFE 
SOGS 
EXPR 
SPADOC 
CPGS 
ASAS 
B DIP 
OMV 
CMSS 
CHE 
RMMS 
NTB 
4700 
Ocean Surveillance 
Intelligence Prod. 
Space Telescope 
Monoscopic Revision 
Space Threat Anal. 
Map Finishing 
A l l  Source Anal. 
Bathymetric Int eg. 
Orbiting Man. Veh. 
Crisis Management 
Space Station 
Remote Maint. Mon. 
Space Defense 
Sensor Data Proc. 
Navy 
Class. 
NASA GOD. 
TRW Res. 
AF ESD 
TRW Res. 
Class. 
Class. 
NASA MAR. 
Class. 
NASA JOH. 
FA A 
SDIO 
Class. 
When 
'82/12m o 
'82/3mo 
'8 2/5 m o 
'8 3/1 d a y 
'83/18mo 
'84/. 5 m o 
'84/.5mo 
'84/2m o 
'84/1 Om o 
'8 5/4 da y s 
'8 5/4 m o s 
'85/5mo 
'86/3mo 
'86/6mo 
Figure 6. User hgineering Applications 
@ C q p r i t e  1987, TIW, L. NcLaughlin 
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